above their course-specific skills. Students are concerned, particularly with the large rises in tuition fees imminent, that courses will provide them with the full range of skills necessary to successfully gain graduate level employment. It is clear from University open days that prospective applicants are very aware of the new measures by which they can judge the performance both of Universities and of individual programmes, such as the National Student Survey, the Destination for Leavers from Higher Education survey of graduate employment and the various league tables, as published for example by the Guardian and the Times.
This project had three principal aims:
To capture examples of what is currently being done within Mathematics programmes in UK HEIs to address the development of graduate skills,
To provide an appraisal of what approaches appear to have been successful in developing these skills, and
To use this to make recommendations for the further development of these and other programmes of study that wish to encourage the development of graduate skills.
Although a number of graduate skills can be developed through extra-curricular activities, this project investigated curriculum-based approaches.
A set of 17 case studies from Mathematics departments at a range of UK HEIs were collected illustrating successful approaches to the development of graduate skills in different contexts and at different levels. These have been published in a booklet, and a workshop tour of five of the National HE STEM Programme Spoke regions has been carried out to publicise and disseminate the results. A subsequent call for small 'Developing Graduate Skills uptake programme' bids has led to three new projects, stimulated as a result of the case studies presented in this booklet.
Background
All stakeholders in Higher Education are increasingly aware of the importance attached to the additional skills students should be gaining at University, over and
The KIS data will include student satisfaction metrics, learning and teaching activities and assessment methods, study hours, course accreditation, accommodation costs and graduate employment and salary outcomes.
In what is certain to be a very competitive student recruitment 'marketplace' there will be considerable importance attached by each university and by each course to presenting a successful profile against each of these measures. This is especially true at a time of high levels of graduate unemployment. The Guardian, for example, recently reported that "20% of recent graduates are unemployed -the highest proportion for a decade" [2] and "Almost half of all recent graduates believe their university education did not adequately equip them for the world of work" [3] .
One immediate outcome has been the requirement from HEFCE that by August 31 st 2010, all universities should publish an employability statement. This is described as "a short summary of what universities and colleges offer to their students to support their employability and their transition into employment and beyond" and is intended "to help prospective students make informed choices for entry in 2011-12" [4] .
In addition, the HE Mathematics community has implicitly identified the importance of the skills element of the curriculum through the National Benchmark Statement [5] . Reflecting the diversity of provision to be found across the UK in the discipline, it says very little about subject content, only explicitly referring to calculus and linear algebra. General skill development, however, is prominent:
"MSOR graduates will possess general study skills, particularly including the ability to learn independently, using a variety of media that might include books, learned journals, the internet and so on.
They will also be able to work independently with patience and persistence, pursuing the solution of a problem to its conclusion. They will have had the opportunity to develop general skills of time management and organisation. They will be adaptable, in particular displaying readiness to address new problems from new areas. They will be able to transfer knowledge from one context to another, to assess problems logically and to approach them analytically.
They will have highly developed skills of numeracy, including being thoroughly comfortable with numerate concepts and arguments in all stages of work. They will typically have general IT skills, such as word processing, the ability to use the internet and the ability to obtain information, always exercising these skills in a responsible way and taking care that sources are referred to appropriately.
They will also have general communication skills, typically including the ability to work in teams, to contribute to discussions, to write coherently and to communicate results clearly.
Where appropriate, they will have knowledge of ethical issues, including the need for sensitivity in handling data of a personal nature. All of these competencies enhance the general employability of MSOR graduates; see paragraphs 1.24 to 1.27."
This of course raises the question -to what extent does the current curriculum in MSOR disciplines (and the learning, teaching and assessment strategies that deliver, support and assess it) incorporate these principles -and where it does, how successful is it? There is no objective measure of this, but a subjective measure comes from the National Student Survey, one section of which addresses the area of personal skills. Table 1 gives the ranking of the Mathematical Sciences, as a discipline, against other subjects 1 on three relevant NSS questions over four years (2008) (2009) (2010) (2011) ). An interactive view of the rankings for all 22 questions for Mathematics, for [2008] [2009] [2010] [2011] , is available at: https://maths.shu.ac.uk/NSS/skills2.php.
These data clearly suggest that students studying Mathematics perceive a problem in terms of their development of personal skills -at least, in relation to their own expectations. The consistency in this pattern over the last four years suggests further that there is a need to tackle the issue. Should we as a community be supporting each other in developing new approaches to skill development within Mathematics programmes and, if so, how? 
Implementation
There are significant barriers involved when seeking to modify Mathematics programmes to encourage the development of graduate skills. One is fundamentally philosophical, as some will wish to retain the pure, theoretical nature of their courses. Another is the practical difficulty of finding space for graduate skill development in a crowded curriculum.
This latter problem can be addressed -at least in part -through different approaches toward learning, teaching and assessment that allow skill development to take place alongside the development of the mathematical skills, and by encouraging students to take part in extracurricular activities. Central to this is the need to increase student awareness of the wider purpose of each activity in developing their skills, and the value of doing so. In this regard, it is very important that students are able to recognise the part each activity plays in helping them towards the attributes expected of a graduate from their course. If so, they will be better able to see the benefit of the curricular strategies adopted, and hence better able to articulate their skill development when required. The introduction of the Higher Education Achievement Record, as recommended by the Burgess Report [6], will provide further incentive for this.
This project, building on an earlier informal liaison between staff from a number of HEIs with an interest in this area, began with a preliminary meeting of representatives of six departments to share ideas and to form a plan of action. It was decided to aim for short (two page) case studies, focussed closely on the development of individual graduate skills. A subsequent workshop was held at Sheffield Hallam University, in November 2010, at which provisional case studies were proposed and others identified. Staff at other HEIs who had published relevant work were contacted and asked to provide a case study to an agreed template.
Booklet, further development and sustainability
The final booklet contained 17 case studies and a commentary which provided background and context, and drew out some common themes arising from the case studies. The published booklet presents a series of short case studies, each focussed on specific graduate skills, providing examples of ways in which these have been successfully developed through curricular initiatives. There is a wide variety of work reported, both in terms of the skills developed as well as the type of courses and institutions involved. The expectation is therefore, that there will be something of interest and relevance to everyone who has a desire to make curricular changes aimed at improving the 'graduate' skill levels of their students.
Following publication of the booklet in April 2011, a workshop was held at five of the six HE STEM regions. The workshops were attended by some of the case study 
Discussion of findings
The requirement by HEFCE to publish employability statements has forced universities to articulate clearly exactly what it is they are providing students with in this regard, and to highlight the ways in which individual courses help students both to develop employability skills, and to recognise their importance. These have recently been reviewed by the Higher Education Academy [7] . One approach categorises these skills, identifying the activities within the curriculum that are involved. Course planners can then map these activities, showing progressive skill development across each level, and students can see how each activity is designed to build their skill set towards that expected of a graduate.
It is often the case that courses already include such activities, building employability skills alongside subjectspecific technical skills, but without emphasising the fact. A light touch modification of a course, pulling together a 'skills map' to raise awareness of this may prove effective in itself, and may be used to identify a thread of employability activities throughout a course. An example is the Graduate Development Programme at the University of the West of England (Case Study 11).
It is very noticeable that nearly all -14 of 17 -address generic employability skills, particularly communication and team working, reflecting the importance attached to these skills, and if allowance is made for the fact that career planning and PDP include elements such as self-awareness, the coverage is 100%.
The development of Career Management Skills (CMS) is the second most commonly addressed skill group, reflecting perhaps the increased desire both to raise students' awareness of the potential career paths they may follow, and the practical skills necessary to succeed in them. It is noticeable that nearly all of the case studies that deliver CMS do so throughout the programme, recognising that it takes time to build these skills to an appropriate level Developing Graduate Skills in HE Mathematics Programmes -Jeff Waldock and that on its own an 'outduction' programme preparing students for transition to the world of work, while important, is not enough. It is also the most likely to be carried out through a separate, possibly ex-curricular, bolt-on delivery model and taught by non-mathematicians. It is important for mathematics students to understand their potential job market, however, and the development of CMS skills should take this into account. As with other employability skill development, this is therefore more likely to be successful if it takes place within the mathematics curriculum.
Relatively few of the case studies address the other two groups of skills. Reflection and action-planning, or PDP, is often seen as a completely separate activity from the core curriculum and consequently marginalised, being carried out infrequently, often under duress. An alternative approach starts with the view that in order to maximise achievement, it is important for a student to raise their levels of self-awareness, indentifying their strengths and weaknesses and having the capacity to develop a plan of action for addressing the latter. This way, the PDP process can be seen as supportive and beneficial and, provided that it is managed effectively by staff and carried out on a regular basis, can be very effective.
Work experience, as mentioned earlier, can make a significant difference to a student's chances of gaining graduate level employment. If graduate employability is of importance to course designers, it seems clear that the curriculum should embrace some form of work based, or work related, learning. There are a number of models to follow -and not all require a full sandwich year. There is clearly much to be gained from helping students recognise, and articulate, the skills they gain from all forms of work, including voluntary and casual work. Many universities now operate a skills award which recognises this, but it is possible for the course curriculum to also incorporate explicit recognition of the skills acquired in the workplace, wherever that may be.
With the introduction of the Higher Education Achievement Report in 2011-12, as recommended by the Burgess Report [6] , it is expected that a much fuller description of all student achievement will be recorded, including wider verified achievements that will appear in section 6.1. All universities will need a system that can provide a verified record of relevant student achievements. Employability skills, assessed through the curriculum, could certainly form an important element of section 6.1 of the HEAR.
One final thought is that many of the case studies reported here emphasise that one vital element in success is that students perceive the activities, and the skills developed though engagement with them, as valuable. Obvious though it may be, it is worth remembering that much progress can be made by including students as equal partners in the learning process, and their input and feedback will improve the effectiveness of each initiative. 
